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ABSTRACT

An object placed on an interactive display Surface is
detected and its position and orientation are determined in
response to IR light that is reflected from an encoded
marking on the object. Upon detecting the object on an
interactive display Surface, a Software program produces a
virtual entity or image visible through the object to perform
a predefined function. For example, the object may appear to
magnify text visible through the object, or to translate a
word or phrase from one language to another, so that the
translated word or phrase is visible through the object. When
the object is moved, the virtual entity or image that is visible
through the object may move with it, or can control the
function being performed. A plurality of Such objects can
each display a portion of an image, and when correctly
positioned, together will display the entire image, like a
jigsaw puzzle.
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USING CLEAR-CODED, SEE-THROUGH OBJECTS
TO MANIPULATE VIRTUAL OBJECTS
FIELD OF THE INVENTION

0001. This invention generally pertains to the use of a
coded object for manipulating an virtual object or image,
and more specifically, pertains to an object having a clear
encoding that is generally transparent to visible light, so that
a user can view virtual object or image through the object
that appears on a surface on which the object is being
manipulated.
BACKGROUND OF THE INVENTION

0002 Virtual environments are typically employed in
electronic games that are played on game consoles, personal
computers, and other types of computing devices, as well as
in other types of applications. A user usually interacts with
entities in a virtual environment by manipulating a mouse,
joystick, wheel, game pad, track ball, or other user input
device that causes the virtual entity to move in a specific
manner or carry out some other action or function as defined
by the software program that produces the virtual environ
ment. The effects of a user interaction with an entity in the
virtual environment are generally visible on a display. For
example, a user might be controlling a virtual entity Such as
a spaceship or race car that is displayed in the virtual
environment. Thus, the interaction between a user and
virtual entities in a virtual environment is well known.

0003. Another form of user input employs displays that
are responsive to the touch of a user's finger or a stylus.
Touch responsive displays can be pressure activated, respon
sive to electrical capacitance, changes in magnetic field
intensity, employ surface acoustic waves, or respond to other
variables that indicate the location of a finger or stylus on the
display. Another type of touch sensitive display includes a
plurality of optical sensors spaced-apart around the periph
ery of the display screen so that the location of a finger or
stylus touching the screen can be detected. Using one of
these touch sensitive displays, a user can more directly
control a virtual entity or image that is displayed. For
example, the user may touch the displayed virtual entity to
select it and then drag the entity to a new position on the
touch-sensitive display, or touch a control and drag the
control to change Some parameter.
0004. However, in most such touch-sensitive displays,
the response is only to the touch of the finger or stylus at a
point. There is another type of interaction with a virtual
environment that might provide a much richer experience
for the user. While virtual environments produced for
example, by electronic game Software programs often
include virtual entities that are displayed on a screen, it
would be desirable for the virtual environment to also

respond to physical objects that are placed on the display
Surface. In most prior art touch-sensitive displays, the finger
or stylus is treated simply an alternative type of pointing
device used to make selections or drag elements about on the
screen. To be truly interactive to physical objects that are
placed on it, a display surface should also be able to detect
where one or more physical objects are placed on it, as well
as detect different types of physical objects, each of which
might provide a different interactive experience for the user.
However, the capacitive, electromagnetic, optical, or other
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types of sensors used in conventional touch-sensitive dis
plays typically cannot simultaneously detect the location of
more than one finger or object touching the display screen at
a time, and thus, would be unable to detect the location or

each different type of a plurality of different types of
physical objects placed thereon. These prior art touch
sensing systems are generally incapable of detecting more
than a point of contact and are unable to detect the shape of
an object proximate to or touching the display Surface. Even
capacitive or resistive, or acoustic Surface wave sensing
display Surfaces that can detect multiple points of contact are
unable to image objects placed on a display Surface to any
reasonable degree of resolution (detail), and most require
expensive or relatively complicated coding schemes, than a
more desirable simple bar code. Prior art systems of these
types cannot detect patterns on an object or detailed shapes
that might be used to identify each object among a plurality
of different objects that are placed on a display surface.
0005 Another user interface approach that has been
developed in the prior art uses cameras mounted to the side
and above a horizontal display Screen to visually capture an
image of a user's finger or other objects that are touching the
display Screen. This multiple camera mounting configura
tion is clearly not a compact system that most people would
want to use in a residential setting. In addition, the accuracy
of this type of multi-camera system in responding to an
object that is on or proximate to the display Surface depends
upon the capability of the software used with the system to
visually recognize objects and their location in three-dimen
sional space. Furthermore, the view of one object by one of
the cameras may be blocked by an intervening object. Also
it is difficult to deduce if a finger or object has touched the
screen, and Such a vision sensing system often requires an
involved calibration. From an aesthetic viewpoint, objects
usable in Such a system will not be pleasing to a user because
they will need a code that is most likely visible to the user
on top of the object, and thus, the manner in which the object
is being detected will be clearly evident to the user.
0006 To address many of the problems inherent in the
types of touch-sensitive displays discussed above, a user
interface platform was developed in the MIT Media Lab, as
reported by Brygg Ullmer and Hiroshi Ishii in “The meta
DESK: Models and Prototypes for Tangible User Interfaces,
Proceedings of UIST 10/1997:14-17. The metaDESK
includes a near-horizontal graphical Surface used to display
two-dimensional geographical information. Above the
graphical Surface is disposed an arm-mounted flat-panel
display that serves as an “active lens' for use in displaying
three dimensional geographical information. A computer
vision system inside the desk unit (i.e., below the graphical
Surface) includes infrared (IR) lamps, an IR camera, a video
camera, a video projector, and mirrors. The mirrors reflect
the graphical image projected by the projector onto the
underside of the graphical display Surface. The IR camera
can detect passive objects called “phicons” that are placed
on the graphical Surface. Magnetic-field position sensors and
electrical-contact sensors are also included in the meta

DESK. For example, in response to the IR camera detecting
an IR marking applied to the bottom of a “Great Dome
phicon, a map of the MIT campus is displayed on the
graphical surface, with the actual location of the Great Dome
in the map positioned where the Great Dome phicon is
located. Moving the Great Dome phicon over the graphical
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Surface manipulates the displayed map by rotating or trans
lating the map in correspondence to the movement of the
phicon by a user.
0007. A similar approach to sensing objects on a display
surface is disclosed in several papers published by Jun
Rekimoto of Sony Computer Science Laboratory, Inc. in
collaboration with others. These papers briefly describe a
“HoloWall” and a “HoloTable,” both of which use IR light
to detect objects that are proximate to or in contact with a
display Surface on which a rear-projected image is visible.
The rear-projection panel, which is vertical in the HoloWall
and horizontal in the HoloTable, is semi-opaque and diffu
sive, so that objects become more clearly visible as they
approach and then contact the panel. The objects thus
detected can be a user's fingers or hands, or other objects.
0008. It would be desirable to enable interaction within a
virtual environment between physical objects that are placed
on a display Surface and virtual objects or images that are
displayed. Ideally, the interaction should go well beyond the
use of a physical object to simply select and move a virtual
object on a touch-sensitive screen, as has been done in the
prior art. The interaction between physical objects and
virtual objects or images that are displayed might take
different forms. For example, it would be desirable to be able
to position a physical object on the display Surface, have the
Software program executing the virtual environment recog
nize the physical object and its location, and then respond to
the presence of the physical object when displaying virtual
objects. Also, the virtual object or image should be visible
through the object and either be displayed in response to the
physical object being placed on the display Surface or
modified when viewed through the physical object as a
result of the physical object being detected on the displays
Surface. Thus, if the user moves a physical object to change
its position or orientation on the display Surface, in response,
the Software program producing the virtual entity of image
should respond by changing some function, parameter, or
feature related to the virtual entity or image. Also, the
marking applied to the physical object should be invisible to
the user and generally not effect visible light that is trans
mitted through the object. It would also be desirable to
provide different markings on opposed surfaces of a physical
object that will be detected when a specific surface of the
object is placed on the display Surface, so that each side
surface of the object can cause different functions to be
achieved.

0009. There are many potential applications of such a
physical object when used for interacting with a software
program. By enabling a user to employ Such a physical
object in a clearly intuitive manner, the enjoyment and
functionality of software programs executing on an interac
tive Surface can be greatly improved.
SUMMARY OF THE INVENTION

0010. The present invention extends the usability of an
interactive user display Surface by enabling the user to
employ objects that are readily recognized by the display
Surface in response to an encoded pattern to control a
Software program that is executing on the interactive display
surface. The encoded pattern is not visible to a user and does
not interfere with visible light that is transmitted through the
object as an image or a portion of an image produced on the
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interactive display Surface by the Software program. By
responding to the position and orientation of one or more of
these objects, various different functions can be imple
mented by the Software program, and the software program
can modify the image that is visible through the one or more
objects.
0011. One aspect of the present invention is directed to a
method for enabling an object that is generally optically
transparent to visible light (i.e., to light that can be seen by
a human) to be optically recognized in response to non
visible light received from the object, without substantially
effecting visible light transmission through the object. The
method includes the step of applying a first marking on a
first Surface of the object. The first marking comprises a
material that substantially transmits visible light, but which
affects light in a non-visible waveband by either reflecting
the light in the non-visible waveband, or alternatively, by
absorbing the light in the non-visible waveband. The light in
the non-visible waveband is directed onto the first surface of

the object where the first marking is applied, and an image
of at least a portion of the object is detected, in response to
light in the non-visible waveband that is received from the
object; the image enables the object to be recognized.
0012. In one embodiment, the method also includes the
step of applying a second marking to a second Surface of the
object. Again, the second marking comprises Substantially
the same material as the first marking. If the material
comprising the first marking and the second marking
absorbs the light in the non-visible waveband, the first
surface is separated from the second surface by a reflective
material that substantially transmits visible light, but reflects
light in the non-visible waveband. Conversely, if the mate
rial comprising the first marking and the second marking
reflects the light in the non-visible waveband, the first
Surface is separated from the second Surface by an absorp
tive material that substantially transmits visible light, but
absorbs light in the non-visible waveband.
0013 The method provides for determining a state of the
object by detecting light in the non-visible waveband that is
received from either the first marking or the second marking.
The first marking and the second marking each indicate a
different state of the object. The state of the object that was
determined is then used to control a Software application that
produces visible light, which passes through the object.
0014) Any change in an orientation of the object over
time is determined based upon the image produced with the
light in the non-visible waveband that was received from
either the first surface or the second surface. As a function

of the change in the orientation of the object over time, the
Software application that produces visible light passing
through the object is controlled. The change in the orienta
tion of the object based upon the non-visible light from the
first marking causes a different control function to be applied
to the Software application than the change in the orientation
of the object based upon the non-visible light from the
second marking.
00.15 Preferably, the first marking is applied as an
encoded pattern that is automatically recognized in the
image of at least the portion of the object when the light in
the non-visible waveband is received from the first surface.

Similarly, in the embodiment where the second marking is
applied as an encoded pattern, that pattern is also automati
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cally recognized in the image of at least the portion of the
object when the light in the non-visible waveband is
received from the second surface.

0016. The method preferably includes the step of deter
mining an orientation of the object based upon the light in
the non-visible waveband that is received from the first

Surface, and detecting a change in the orientation of the
object over time. This change in orientation is used for
providing an input to control the Software application that
produces visible light passing through the object. For
example, in one application, the change in the orientation of
the object over time is employed to change a magnification
factor affecting an image formed by the Software application
with the visible light, so that the image is either enlarged or
decreased in relative size, as the orientation of the object is
changed, depending upon a direction in which the orienta
tion of the object is changed.
0017. In another application of the invention, the method
includes the step of changing an orientation of the image
formed by the visible light that passes through the object and
which is produced by the Software application, in a manner
corresponding with the change in the orientation of the
object over time, so that the image formed with the visible
light appears to move with the object when the orientation
of the object is changed. Similarly, the method can also
include the step of changing a position of the image formed
by the visible light that passes through the object and which
is produced by the software application, in a manner corre
sponding with a change in the position of the object. In this
case, the image formed with the visible light appears to
move with the object when a position of the object is
changed.
0018 Clearly, this invention is applicable to a plurality of
objects, so that in one embodiment, the method also includes
the step of repeating each of the steps noted above, for each
of the plurality of other objects. In this case, the image
formed with the visible light that passes through the object
by the Software application can comprise a portion of a
larger image that is divided into a plurality of portions. In
one application to which this step is applies, the method then
further includes the step of projecting each of a plurality of
portions of the larger image through a corresponding other
object so that the portions of the image appear as pieces of
a jigsaw puzzle. If objects are then properly assembled
adjacent to each other, they correctly present the larger
image, just as the pieces of a jigsaw puzzle when assembled
correctly, produce the picture of the puzzle. Optionally, if
any of the objects are turned over so that the side previously
facing up now faces down on the Surface through which the
portion of the image visible through the object is produced,
the opposite side of each object can be detected. As a result,
a mirror image version of the portion of the image is visible
through the object. Since the side that causes the mirror
image of the portion of the image to be displayed may be
identical in appearance to the user, the inability to determine
the side of each object that should be facing downwardly to
correctly achieve the full image will make the challenge of
assembling the objects to make the full image correctly
visible much more difficult and entertaining.
0019. Another option is to provide a video jigsaw puzzle
with the present invention. The video jigsaw puzzle employs
a video source to provide a sequence of images so that the
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portions of the images are changing as the images compris
ing the video change over time. Clearly, the video jigsaw
puzzle presents a much more challenging problem to
assemble the objects correctly to see the sequence of images,
since the image is not static, and the portions of the image
that are visible though each of the objects change dynami
cally making it more difficult to determine how objects that
should be correctly assembled. It should also be noted that
an image or video used with the jigsaw puzzle application of
the present invention can be a person photo or image created
by the user, or can be video that the user has produced.
0020. In another application of the invention, the soft
ware program causes visible light passing through the object
to form text corresponding to a translation of at least one
word into a different language than the at least one word
over which the object is positioned. This application can be
useful in learning a foreign language by enabling a user to
selectively use the object to display the translation of a word
or phrase.
0021. There are many other applications to which the
present invention is applicable. For example, the method can
include the steps of displaying a first image with visible light
produced in accord with a software program, and enabling
the object to be placed over the first image. Visible light
transmitted through the object then forms a second image
that is related to the first image, but is different than the first
image. Thus, if the first image comprises a photograph, the
second image can represent the photograph after a modifi
cation has been applied. Further, the method can then
include the step of enabling a user to change an orientation
of the object to adjust the modification applied to the
photograph that is visible through the object as the second
image.
0022. In a related application, the first image represents
an entity having a first appearance, and the second image
represents the entity having a different appearance. Using
the object, some feature of the entity in the first image is thus
modified as the entity appears in the second image. Various
uses of this application might relate to viewing a person with
different hairstyles or with different styles of articles of
clothing, or using the object for modifying the appearance of
a photograph image, e.g., to change the hue, color, Satura
tion, etc. The method preferably enables a user to move the
object to control the modification of the feature.
0023. Other aspects of the present invention are directed
to a memory medium having machine executable instruc
tions for generally carrying out the steps of method dis
cussed above, as well as to a system on which an object that
is generally optically transparent to visible light is optically
recognized in response to non-visible light received from the
object, without substantially effecting visible light transmis
sion through the object. The system includes a source of
non-visible light for illuminating an object, an image source
that produces an image using visible light, a sensor for
producing a signal in response to non-visible light that is
received from the object, and a memory in which machine
instructions are stored. Also included is a processor that is
coupled to the image source, the sensor, and the memory.
The processor executes the machine instructions to carry out
a plurality of functions, which are generally also consistent
with the steps of the method discussed above.
0024 Yet other aspects of the present invention are
directed to a method, a system, and a memory medium
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method for employing objects that are generally optically
transparent to visible light through which portions of an
image are transmitted using visible light, so that as the
objects are moved about, the portions of the image move
with the objects, which is like the application of the inven
tion that replicates much of the functionality of a jigsaw
puzzle, but with the objects as defined above being used to
convey the portions of the image that must be correctly
arranged to display the entire image.
BRIEF DESCRIPTION OF THE DRAWING
FIGURES

0.025 The foregoing aspects and many of the attendant
advantages of this invention will become more readily
appreciated as the same becomes better understood by
reference to the following detailed description, when taken
in conjunction with the accompanying drawings, wherein:
0026 FIG. 1 is a functional block diagram of a generally
conventional personal computer (PC) that is suitable for
processing the input and output data used in practicing the
present invention;
0027 FIG. 2 is an illustration of the interior of the
interactive table showing hardware components of the inter
active table, the paths followed by light within the interac
tive table, and exemplary objects disposed on and above the
surface of the table;

0028 FIG. 3 is an isometric view of an interactive

display table coupled to an external PC;
0029 FIG. 4 is an elevational cross-sectional view of an
object with an visible light transmissive encoded marking
applied on opposite sides, in accord with the present inven
tion;

0030 FIG. 5 is a bottom view of the object shown in
FIG. 4, showing the encoded marking (which is preferably
not visible to the human eye);
0031 FIG. 6 illustrates a peripheral marking on a surface
of an object in accord with the present invention that enables
the central portion to be located on an interactive display
Surface, and which includes encoded markings that identify
the object and indicate a reference side or edge;
0032 FIG. 7 illustrates an exemplary image comprising
a plurality of portions of the image visible through objects
configured in accord with the present invention, which have
been correctly disposed on the interactive display Surface,
much like the pieces of a jigsaw puzzle are assembled, to
display the image:
0033 FIG. 8 illustrates a random distribution of the
objects of FIG. 7 on the interactive display surface;
0034 FIGS. 9 and 10 illustrate an exemplary application
of the present invention in which an object configured in
accord with the present invention respectively appears to
function like a magnifier/reducer, to increase the size of text
(FIG. 9), or to reduce the size of the text in response to a
rotational orientation of the object (FIG. 10);
0035 FIG. 11 illustrates an exemplary application, in
which an object configured in accord with the present
invention appears to produce a translation of a word or
phrase that is visible on the interactive display surface,
through the object;

0.036 FIGS. 12 and 13 illustrate another application of
the present invention, in which a portrait of a girl appearing
on the interactive display surface in FIG. 12, when covered
by an object configured in accord with the present invention,
appears to cause an X-ray image of the girl’s skull to be
visible through the object, as shown in FIG. 13;
0037 FIGS. 14 and 15 illustrate yet another application
of the present invention, in which a photographic image of
a woman taken with a flash so that the eyes of the woman
exhibit “red eye,” as shown in FIG. 14, is automatically
corrected when viewed through an object configured in
accord with the present invention, as shown in FIG. 15, and
serves to illustrate that other Such changes to a photograph
can be made by rotating the object;
0038 FIGS. 16A and 16B respectively show the bottom
Surface of two objects configured in accord with the present
invention, each object being associated with performing a
different function in modifying an image:
0.039 FIG. 17 illustrates a side-elevational view of the
two objects of FIGS. 16A and 16B, stacked one atop the
other, so that the combined functionality of the objects is
visible in the image seen in the central portion of the two
objects;
0040 FIGS. 18 and 19 illustrate how other types of
changes can be made to a virtual entity or image. Such as a
virtual entity representing a person, as shown on the inter
active display surface in FIG. 18, when the virtual entity is
viewed through an object configured in accord with the
present invention, as shown in FIG. 19; and
0041 FIG. 20 is a flow chart indicating the logical steps
that are carried out in implementing the functions provided
using the object in connection with providing input to a
Software program.
DESCRIPTION OF THE PREFERRED
EMBODIMENT

Exemplary Computing System for Implementing Present
Invention

0042. With reference to FIG. 1, an exemplary system
Suitable for implementing various portions of the present
invention is shown. The system includes a general purpose
computing device in the form of a conventional PC 20,
provided with a processing unit 21, a system memory 22,
and a system bus 23. The system bus couples various system
components including the system memory to processing unit
21 and may be any of several types of bus structures,
including a memory bus or memory controller, a peripheral
bus, and a local bus using any of a variety of bus architec
tures. The system memory includes read only memory
(ROM) 24 and random access memory (RAM) 25. A basic
input/output system 26 (BIOS), containing the basic routines
that help to transfer information between elements within
the PC 20, such as during start up, is stored in ROM 24. PC
20 further includes a hard disk drive 27 for reading from and
writing to a hard disk (not shown), a magnetic disk drive 28
for reading from or writing to a removable magnetic disk 29.
and an optical disk drive 30 for reading from or writing to
a removable optical disk 31, Such as a compact disk-read
only memory (CD-ROM) or other optical media. Hard disk
drive 27, magnetic disk drive 28, and optical disk drive 30
are connected to system bus 23 by a hard disk drive interface
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32, a magnetic disk drive interface 33, and an optical disk
drive interface 34, respectively. The drives and their asso
ciated computer readable media provide nonvolatile storage
of computer readable machine instructions, data structures,
program modules, and other data for PC 20. Although the
exemplary environment described herein employs a hard
disk, removable magnetic disk 29, and removable optical
disk 31, it will be appreciated by those skilled in the art that
other types of computer readable media, which can store
data and machine instructions that are accessible by a
computer, Such as magnetic cassettes, flash memory cards,
digital video disks (DVDs), Bernoulli cartridges, RAMs.
ROMs, and the like, may also be used in the exemplary
operating environment.
0043. A number of program modules may be stored on
the hard disk, magnetic disk 29, optical disk 31, ROM 24, or
RAM 25, including an operating system 35, one or more
application programs 36, other program modules 37, and
program data 38. A user may enter commands and informa
tion in PC 20 and provide control input through input
devices, such as a keyboard 40 and a pointing device 42.
Pointing device 42 may include a mouse, stylus, wireless
remote control, or other pointer, but in connection with the
present invention, such conventional pointing devices may
be omitted, since the user can employ the interactive display
for input and control. As used hereinafter, the term “mouse'
is intended to encompass virtually any pointing device that
is useful for controlling the position of a cursor on the
screen. Other input devices (not shown) may include a
microphone, joystick, haptic joystick, yoke, foot pedals,
game pad, satellite dish, Scanner, or the like. These and other
input/output (I/O) devices are often connected to processing
unit 21 through an I/O interface 46 that is coupled to the
system bus 23. The term I/O interface is intended to encom
pass each interface specifically used for a serial port, a
parallel port, a game port, a keyboard port, and/or a univer
sal serial bus (USB). System bus 23 is also connected to a
camera interface 59, which is coupled to an interactive
display 60 to receive signals from a digital video camera that
is included therein, as discussed below. The digital video
camera may be instead coupled to an appropriate serial I/O
port, such as to a USB version 2.0 port. Optionally, a
monitor 47 can be connected to system bus 23 via an
appropriate interface. Such as a video adapter 48; however,
the interactive display table of the present invention can
provide a much richer display and interact with the user for
input of information and control of Software applications
and is therefore preferably coupled to the video adaptor. It
will be appreciated that PCs are often coupled to other
peripheral output devices (not shown), such as speakers
(through a Sound card or other audio interface—not shown)
and printers.
0044) The present invention may be practiced using a
single computing device, although PC 20 can also operate in
a networked environment using logical connections to one
or more remote computers, such as a remote computer 49.
Remote computer 49 may be another PC, a server (which is
typically generally configured much like PC 20), a router, a
network PC, a peer device, or a satellite or other common
network node, and typically includes many or all of the
elements described above in connection with PC 20,

although only an external memory storage device 50 has
been illustrated in FIG. 1. The logical connections depicted
in FIG. 1 include a local area network (LAN) 51 and a wide

area network (WAN) 52. Such networking environments are
common in offices, enterprise wide computer networks,
intranets, and the Internet.

0045 When used in a LAN networking environment, PC
20 is connected to LAN 51 through a network interface or
adapter 53. When used in a WAN networking environment,
PC 20 typically includes a modem 54, or other means such
as a cable modem, Digital Subscriber Line (DSL) interface,
or an Integrated Service Digital Network (ISDN) interface
for establishing communications over WAN 52, e.g., over
the Internet. Modem 54, which may be internal or external,
is connected to the system bus 23 or coupled to the bus via
I/O device interface 46, i.e., through a serial port. In a
networked environment, program modules, or portions
thereof, used by PC 20 may be stored in the remote memory
storage device. It will be appreciated that the network
connections shown are exemplary, and other means of
establishing a communications link between the computers
may be used. Such as wireless communication and wide
band network links.

Exemplary Interactive Surface
0046. In FIG. 2, an exemplary interactive display 60 is
shown that includes PC 20 within a frame 62 and which

serves as both an optical input and video display device for
the computer. In this cut-away Figure of the interactive
display table, rays of light used for displaying text and
graphic images are generally illustrated using dotted lines,
while rays of infrared (IR) light used for sensing objects on
or just above a display surface 64a of the interactive display
table are illustrated using dash lines. Display Surface 64a is
set within an upper surface 64 of the interactive display
table. The perimeter of the table surface is useful for
Supporting a users arms or other objects, including objects
that may be used to interact with the graphic images or
virtual environment being displayed on display Surface 64a.
0047 IR light sources 66 preferably comprise a plurality
of IR light emitting diodes (LEDs) and are mounted on the
interior side of frame 62. The IR light that is produced by IR
light sources 66 is directed upwardly toward the underside
of display surface 64a, as indicated by dash lines 78a, 78b,
and 78c. The IR light from IR light sources 66 is reflected
from any objects that are atop or proximate to the display
Surface after passing through a translucent layer 64b of the
table, comprising a sheet of Vellum or other suitable trans
lucent material with light diffusing properties. Although
only one IR source 66 is shown, it will be appreciated that
a plurality of Such IR sources may be mounted at spaced
apart locations around the interior sides of frame 62 to prove
an even illumination of display surface 64a. The infrared
light produced by the IR sources may:
0048 exit through the table surface without illuminat
ing any objects, as indicated by dash line 78a,
0049 illuminate objects on the table surface, as indi
cated by dash line 78b; or
0050 illuminate objects a short distance above the
table surface but not touching the table surface, as
indicated by dash line 78c.
0051. Objects above display surface 64a include a
“touch' object 76a that rests atop the display surface and a
“hover object 76b that is close to but not in actual contact
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with the display Surface. As a result of using translucent
layer 64b under the display surface to diffuse the IR light
passing through the display Surface, as an object approaches
the top of display surface 64a, the amount of IR light that is
reflected by the object increases to a maximum level that is
achieved when the object is actually in contact with the
display Surface.
0.052 A digital video camera 68 is mounted to frame 62
below display Surface 64a in a position appropriate to
receive IR light that is reflected from any touch object or
hover object disposed above display surface 64a. Digital
video camera 68 is equipped with an IR pass filter 86a that
transmits only IR light and blocks ambient visible light
traveling through display Surface 64a along dotted line 84a.
A baffle 79 is disposed between IR source 66 and the digital
video camera to prevent IR light that is directly emitted from
the IR source from entering the digital video camera, since
it is preferable that this digital video camera should produce
an output signal that is only responsive to the IR light
reflected from objects that are a short distance above or in
contact with display Surface 64a and corresponds to an
image of IR light reflected from objects on or above the
display Surface. It will be apparent that digital video camera
68 will also respond to any IR light included in the ambient
light that passes through display Surface 64a from above and
into the interior of the interactive display (e.g., ambient IR
light that also travels along the path indicated by dotted line
84a).
0053 IR light reflected from objects on or above the table
Surface may be:
0054 reflected back through translucent layer 64b,
through IR pass filter 86a and into the lens of digital
video camera 68, as indicated by dash lines 80a and
80b; or

0055) reflected or absorbed by other interior surfaces
within the interactive display without entering the lens
of digital video camera 68, as indicated by dash line
80c.

0056 Translucent layer 64b diffuses both incident and
reflected IR light. Thus, as explained above, “hover objects
that are closer to display surface 64a will reflect more IR
light back to digital video camera 68 than objects of the
same reflectivity that are farther away from the display
surface. Digital video camera 68 senses the IR light reflected
from “touch' and “hover objects within its imaging field
and produces a digital signal corresponding to images of the
reflected IR light that is input to PC 20 for processing to
determine a location of each Such object, and optionally, the
size, orientation, and shape of the object. It should be noted
that a portion of an object (Such as a users forearm) may be
above the table while another portion (such as the user's
finger) is in contact with the display Surface. In addition, an
object may include an IR light reflective pattern or coded
identifier (e.g., a bar code) on its bottom Surface that is
specific to that object or to a class of related objects of which
that object is a member. Accordingly, the imaging signal
from digital video camera 68 can also be used for detecting
each Such specific object, as well as determining its orien
tation, based on the IR light reflected from its reflective
pattern, in accord with the present invention. The logical
steps implemented to carry out this function are explained
below.

0057 PC 20 may be integral to interactive display table
60 as shown in FIG. 2, or alternatively, may instead be
external to the interactive display table, as shown in the
embodiment of FIG. 3. In FIG. 3, an interactive display
table 60' is connected through a data cable 63 to an external
PC 20 (which includes optional monitor 47, as mentioned
above). As also shown in this Figure, a set of orthogonal X
and Y axes are associated with display Surface 64a, as well
as an origin indicated by “O.” While not specifically shown,
it will be appreciated that a plurality of coordinate locations
along each orthogonal axis can be employed to indicate any
location on display Surface 64a.
0058 If the interactive display table is connected to an
external PC 20 (as in FIG. 3) or to some other type of
external computing device. Such as a set top box, video
game, laptop computer, or media computer (none shown),
then the interactive display table comprises an input/output
device. Power for the interactive display table is provided
through a power lead 61, which is coupled to a conventional
alternating current (AC) line source (not shown). Data cable
63, which connects to interactive display table 60', can be
coupled to a USB 2.0 port, an Institute of Electrical and
Electronics Engineers (IEEE) 1394 (or Firewire) port, or an
Ethernet port on PC 20. It is also contemplated that as the
speed of wireless connections continues to improve, the
interactive display table might also be connected to a
computing device Such as PC 20 via Such a high speed
wireless connection, or via Some other appropriate wired or
wireless data communication link. Whether included inter

nally as an integral part of the interactive display, or exter
nally, PC 20 executes algorithms for processing the digital
images from digital video camera 68 and executes Software
applications that are designed to use the more intuitive user
interface functionality of interactive display table 60 to good
advantage, as well as executing other software applications
that are not specifically designed to make use of Such
functionality, but can still make good use of the input and
output capability of the interactive display table. As yet a
further alternative, the interactive display can be coupled to
an external computing device, but include an internal com
puting device for doing image processing and other tasks
that would then not be done by the external PC.
0059 An important and powerful feature of the interac
tive display table (i.e., of either embodiments discussed
above) is its ability to display graphic images or a virtual
environment for games or other software applications and to
enable an interaction between the graphic image or virtual
environment visible on display surface 64a and objects that
are resting atop the display Surface. Such as a touch object
76a, or are hovering just above it, such as a hover object 76b.
It is the ability of the interactive display table to visually
detect such objects, as well as the user's finger or other
object being moved by the user that greatly facilities this rich
interaction.

0060 Again referring to FIG. 2, interactive display table
60 includes a video projector 70 that is used to display
graphic images, a virtual environment, or text information
on display surface 64a. The video projector is preferably of
a liquid crystal display (LCD) or digital light processor
(DLP) type, or a liquid crystal on silicon (LCOS) display
type, with a resolution of at least 640x480 pixels. An IR cut
filter 86b is mounted in front of the projector lens of video
projector 70 to prevent IR light emitted by the video

May 4, 2006

US 2006/0092.170 A1

projector from entering the interior of the interactive display
table where the IR light might interfere with the IR light
reflected from object(s) on or above display surface 64a. A
first mirror assembly 72a directs projected light traveling
from the projector lens along dotted path 82a through a
transparent opening 90a in frame 62, so that the projected
light is incident on a second mirror assembly 72b. Second
mirror assembly 72b reflects the projected light along a path
82b onto translucent layer 64b, which is at the focal point of
the projector lens, so that the projected image is visible and
in focus on display Surface 64a for viewing.
0061 Alignment devices 74a and 74b are provided and
include threaded rods and rotatable adjustment nuts 74c for
adjusting the angles of the first and second mirror assemblies
to ensure that the image projected onto the display Surface
is aligned with the display Surface. In addition to directing
the projected image in a desired direction, the use of these
two mirror assemblies provides a longer path between
projector 70 and translucent layer 64b, and more impor
tantly, helps in achieving a desired size and shape of the
interactive display table, so that the interactive display table
is not too large and is sized and shaped so as to enable the
user to sit comfortably next to it.
Physical Objects Usable to Control Software Applications
0062 Referring now to FIG. 4, an exemplary object 100
is illustrated having two opposed surfaces, including a first
surface 102a (on the bottom of the object), and a second
surface 102b (on the top of the object). The object is
fabricated of a material that is substantially optically trans
parent to visible light (i.e., to light visible by a human).
While the shape of object 100 is not in anyway intended to
be limiting in regard to the scope of the present invention,
in this example, object 100 appears as a generally square
shaped block that is relatively thin, i.e., in the dimension
measured between first surface 102a and second surface

102b compared to any other dimension of the object.
0063 A first encoded marking 104a is applied to first
surface 102a, while a second encoded marking 104b is
applied to second surface 102b, which is different than the
first encoded marking. It will be appreciated that only a
single encoded marking might alternatively be applied to
either the first surface or the second surface of object 100,
or that the same encoded marking might be applied to both
the first surface and the second surface of the object.
However, for purposes of illustration, the example shown in
this Figure includes both the first encoded marking and the
different second encoded marking, thereby enabling at least
two different functions to be selectively activated, depend
ing upon whether the first Surface or the second surface is
placed into contact with interactive display Surface 64a.
Thus, it will be apparent that IR light received from one of
the encoded markings serves as an input to interactive
display Surface 64a, and that this input causes a predefined
function that is associated with that encoded marking to be
implemented, as explained in greater detail below.
0064. In this exemplary embodiment of object 100, first
and second encoded markings 104a and 104b comprise a
material that readily transmits visible light, and which
includes an IR reflective portion 110 and an IR transmissive
portion 108. As an alternative, the encoded markings can
include a portion that absorbs IR light, instead of IR reflec
tive portion 110, as well as IR transmissive portion 108.

0065. If, as shown in the embodiment illustrated in FIG.
4, first and second encoded markings are both used, then
object 100 is preferably divided into a first layer 100a and
a second layer 100b, which are separated by an intermediate
layer 106. Furthermore, assuming that IR reflective portion
110 is used for each of the first and second encoded

markings, then intermediate layer 106 will have the char
acteristics of absorbing IR light. Conversely, if instead of
reflective portion 110, an IR absorptive portion is used, then
intermediate layer 106 should reflect IR light. Intermediate
layer 106 must also substantially transmit visible light 116,
just as the first and second encoded markings do. Use of
intermediate layer 106, in either case, ensures that only the
encoded marking that is in contact with interactive Surface
64a provides an encoded signal that is received by digital
video camera 68 (FIG. 2) and that the other encoded
marking disposed on the opposite surface of object 100 (i.e.,
on the surface of the object that is not in contact with the
interactive display surface) does not interfere with deter
mining the input to cause the correct function to be imple
mented in connection with interactive display Surface 64a.
0066 While many other encoded patterns might be used
for the first and second encoded markings, as shown in the
example illustrated in FIG. 5, first encoded marking 104a
comprises a bar code comprising alternating bars or stripes
of IR transmissive portion 108 and IR reflective portion 110
(or IR absorptive portion). The IR light reflected from the
first or second encoded marking enables object 100 to be
recognized by processing the signal produced by the digital
video camera of the display table, in response to the IR light
that is received from object 100. In addition, the position and
orientation of object 100 on interactive display surface 64a
is readily determined by the digital video camera. Further
more, since both first and second markings and intermediate
layer 106 (if used) readily transmit visible light 116, any
virtual entity or image appearing on the portion of interac
tive display surface 64a immediately under object 100 is
readily visible by viewing the visible light from the virtual
entity or image that is transmitted through object 100. Since
the first and second encoded markings are preferably not
readily visible to the human eye, it will not be readily
apparent to a user how object 100 is being identified by the
interactive table and how its location? orientation on inter

active display Surface 64a is being determined. Thus, the
functionality provided by the present invention has a greater
mystique, since the manner in which it is achieved is unclear
to an uninformed user.

0067 FIG. 6 illustrates an object 120 having a peripheral
IR reflective marking 122 on its surface around a central
region 124. One side or edge of peripheral IR reflective
marking 122 includes a plurality of IR transmissive bars 126
that both specifically identify object 120 and indicate its
orientation, relative to the side or edge of the object along
which IR transmissive bars 126 are disposed. Depending
upon the particular encoding pattern used, the orientation of
the object on which the encoded marking is applied may
readily be determined by processing the signal produced by
the digital video camera in response to the IR light reflected
from this object. In addition, by providing the IR reflective
periphery around central region 124, any virtual entity or
image can readily be displayed on interactive display Surface
64a immediately below object 120, so that the virtual entity
or image is readily visible by viewing the visible light used
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to display the virtual entity or image that is transmitted
through central region 124 of the object.
0068. It is important to determine both the position and
orientation of certain types of objects in connection with the
present invention, so that the virtual entity or image that is
visible through the object is sized and oriented correctly
relative to the shape of the object and its location on the
interactive display surface. The importance of this point will
be more readily evident during the discussion that follows
below, which describes several exemplary applications for
this invention, when providing an input to initiate the
predefined functionality implemented by different software
programs executed by PC 20, which is included in or
coupled externally to interactive table 60/60'.
Exemplary Applications of the Present Invention
0069 Perhaps one of the more interesting and entertain
ing applications of this invention, which very well illustrates
its power when used on the interactive display Surface, is
shown in FIGS. 7 and 8. In FIG. 7, an image 130 displayed
on interactive display Surface 64a depicts a lion (in clip-art
form). This image comprises a plurality of portions 132a
132i, each of which corresponds to a different object that is
configured in accord with the present invention. To simplify
this Figure, the same reference numerals 132a-132i also are
used to identify the objects through which the portions of the
image are visible. It should be understood that each of these
objects is uniquely identified by an IR encoded marking (not
shown in these Figures), so that the image of the corre
sponding portion is made to appear on interactive display
surface 64a under that object with which the portion of the
image is associated. The portion of the image displayed
under the object is thus visible through the object. Thus, as
illustrated in FIG. 8, when these objects are randomly
distributed over interactive display surface 64a, correspond
ing portions of image 130 appearing on the interactive
display surface are moved with each of the objects when
randomly distributed. The portion of the image associated
with each object thus appears to be a part of the object.
0070. It should therefore be evident that the application
shown in FIGS. 7 and 8 generally corresponds to a con
ventional jigsaw puzzle, wherein each object represents a
different piece of the puzzle. Entertainment is provided for
a user by enabling the user to reassemble these objects, so
that their corresponding portions of the image together
display image 130, as shown in FIG. 7. If the user were to
pick up one of the objects, moving the object away from the
interactive display Surface, the portion of the image that was
previously visible through the object would disappear from
the interactive display Surface. Since the unique encoded
marking of that object would no longer be detected as resting
on the interactive display Surface, the portion of the image
associated with that object would no longer be projected
onto the interactive display Surface.
0071. Once the user has correctly assembled the objects
and their corresponding image portions to again form image
130, the user can optionally cause a different new image to
be displayed by the interactive display surface, so that the
portions of this different new image are similarly associated
with the objects. The user can randomly distribute the
objects and then reassemble them correctly to form the new
image. Alternatively, the objects can be randomly scattered
by the user before the different new image portions are
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associated with each of the objects, making the task of
correctly assembling the objects to achieve the different new
image more difficult. Furthermore, it will be appreciated that
either fewer or more objects can be employed when assign
ing portions of the image to the objects. Thus, for younger
users, only a few objects may be used, since the image
comprises only a corresponding few portions, while for
older users, many more objects and a corresponding greater
number of portions of the image might be used than are
shown in this simple example, making the task of correctly
reassembling the objects to form the image more difficult.
0072) If objects associated with each portion of the image
include different encoded markings on the opposite sides (as
explained above in connection with FIG. 4), then it is
possible to display a mirrored version of each portion of the
image on any object that has been inverted, so that the other
encoded marking is presented to the interactive display
surface. It will be apparent that this twist adds a whole level
of complexity and challenge to assembling the objects
correctly, which is not provided by a conventional jigsaw
puzzle, since it may not be evident to the user which side of
each object corresponds to the mirror portion of the image,
rather than to the normal portion of the image. Both sides of
each object will appear identical to the user. If some of the
objects are inverted relative to the other of the objects, it will
not be possible to correctly assemble the objects to display
the full image. The user must place all of the objects in the
same state (i.e., all inverted or all non-inverted) to assemble
respectively, either the mirror version of the full image, or
the non-mirror version of the full image.
0073. Another variation to this application of the present
invention is to use a sequence of images provided with a
Video so that the portions of the image are not static, but
change as the video advances to another image in the
sequence. The rate of sequencing the images might be
adjustable to be relatively slow, or might instead run at a
“normal rate of about 30 frames per second that is used
with videos. The relative portions of the images that are
sequenced associated with each object is maintained, so that
once the objects are correctly assembled, the full images of
the video will be clearly displayed through the objects.
However, it will be appreciated that the use of a video
instead of a static image for this application adds a further
difficulty to the task of correctly assembling the objects and
is unlike any conventional jigsaw puzzle.
0074. It should also be noted that the static image or the
Video sequence of images can be provided by the user. For
example, personal photos or other images of the user can be
used for a static image, or a video produced by the user can
be employed for that variation, as discussed above. Also, a
sequence of photos (perhaps also provided by the user) can
be used for the images that are sequenced, as discussed
above. By employing the user's images or videos, the
application can be customized to be more personally mean
ingful and be more entertaining to the user and friends.
0075 FIGS. 9 and 10 illustrate a different application of
the present invention that can be used with almost any
software application that displays text 140 on interactive
display surface 64a. Text 140 is displayed at some nominal
font size. However, when an object 142 that is annular
shaped (in regard to an outer periphery) with a clear center
portion 144 is placed over text 140, the object changes the
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fontsize of the text visible through clear center portion 144,
so that the text appears to be magnified, like text 146 in FIG.
9. As a user moves object 142 around over other parts of text
140, the part of the text that is visible within clear center
portion 144 will be similarly magnified in size.
0.076 FIG. 10 illustrates the results of the user changing
the orientation of object 122 by rotating it counterclockwise,
relative to its disposition in FIG. 9. An arrow 148 indicates
that if the user rotates object 142 in a clockwise direction,
text 140 will be magnified, while if object 142 is rotated in
a counterclockwise direction, text 146' will be visible within

clear center portion 144 at a reduced size (i.e., using a
Smaller font than was applied in displaying text 140 outside
clear center portion 144). Although not shown, it will be
appreciated that object 142 can also be used to magnify or
diminish the size of a photographic image or almost any
other type of virtual entity that is visible within clear center
portion 144, under the control of the user, simply by rotating
object 142 in a desired direction to either magnify or
diminish the size of the virtual entity or image.
0077. An object 152, also in accord with the present
invention, is illustrated in FIG. 11. In this exemplary appli
cation, object 152 appears to automatically display a trans
lation of a word or phrase into a language different than that
of the word or phrase that was visible before object 152 was
moved over the word or phrase. Although translations
between other selected languages can clearly be imple
mented with this invention, as indicated by text 150 in FIG.
11, the exemplary illustrated translation is of the word
"horse.” from English into the a corresponding Spanish
word 156, i.e., “caballo.” When object 152 is placed over the
English word or phrase, the English word or phrase disap
pears (i.e., is no longer projected onto interactive display
Surface 64a, and the corresponding Spanish word or phrase
is instead, so that it is visible through a clear center portion
154 of object 152. If making use of two different encoded
markings that are provided on opposite surfaces of object
152, it would be possible to designate one surface facing up,
for use in translating from English to Spanish, while the
other surface facing up is designated for use of object 152 in
translating from Spanish to English. Thus, object 152 might
be used in an educational language program, enabling the
user to intuitively check the translation of a word or phrase
from one language to another during practice sessions. The
Software program providing the translation simply needs to
respond to the object being place over the word or phrase in
one language by displaying the translation of the word or
phrase in the other language.
0078 Still another application of this invention is illus
trated in connection with FIGS. 12 and 13. In FIG. 12, a

photographic image 160, i.e., a portrait of a girl, is displayed
on interactive display surface 64a. In FIG. 13, an object 162
configured in accord with the present invention has been
placed over photographic image 160, causing a software
program that was displaying the photographic image to
instead display an X-ray 164 corresponding to a skull 166 of
the girl. (Note that skull 166 in this illustrative example is
actually not the skull of the girl portrayed in a photographic
image.) Accordingly, in response to detecting object 162 on
interactive display Surface 64a, a Software program simply
displays what appears to be an X-ray of the Subject portrayed
in the original image, whether an X-ray of a human, animal,
or some virtual entity. Although not shown in these Figures,

it will be appreciated that object 162 might also be manipu
lated by user, for example, by rotating it, to display other
types of images corresponding to the original image previ
ously displayed by the interactive display surface. For
example, manipulation (e.g., rotation) of object 162 might
cause the interactive display Surface, operating under the
control of a software program, to respond by displaying a
magnetic resonance image (MRI) for the original Subject,
instead of X-ray 164. Object 162 might also be manipulated
to change the depth within the original Subject at which
details or layers inside the subject are displayed. Thus, for
example, by rotating object 162, a user might selectively
view the skin, muscle structure, circulatory system, nervous
system, skeleton, etc. of the original subject. Object 162
might also be used to explore any system, e.g., a circuit
board, an integrated circuit chip, molecular structure, the
human body, an insect, the universe (galaxy, Solar system,
planet, country, city. . . . ), a machine, and almost any other
virtual entity that can be displayed, at a desired depth within
the entity, where the depth or layer shown through the object
is controlled by changing an orientation of the object or by
affecting some other corresponding input. Those of ordinary
skill in the art will appreciate that such functions can readily
be implemented by an appropriate Software program simply
by detecting object 162 on interactive display surface 64a
and responding to any change in orientation of the object or
other input provided by the user to vary the level or layer or
other aspects of the entity that is displayed on interactive
display surface 64a and is visible through the object.
0079 The present invention is also particularly appli
cable for modifying photographic images and immediately
showing the result of the modification, which is visible
through an object that is configured in accord with the
present invention. For example, FIG. 14 illustrates a pho
tographic image 170 of a woman taken with a flash (not
shown), causing red eyes 172 to be evident in the image,
which is a result of the reflection of the flash light from the
retina of each of the woman’s eyes. In FIG. 15, an object
174 having a central region 175 has been placed on inter
active display surface 64a and centered over the eyes of the
woman, causing a software program used for editing pho
tographic images to automatically reduce or “fix the red eye
problem. Thus, eyes 176 now appear normal in an image
170', which is visible through the central region of object
174. The user thus has immediate visual feedback showing
the effect of the red eye reduction. The user can select a
different control (not shown) to save the image as thus
modified.

0080. It should be noted that object 174 is shown to have
the annular shaped peripheral border that does not appear to
be transparent to visible light. While, optionally, such a
peripheral border (or other shape of peripheral border can be
provided around the object, it should also be understood that
a peripheral border that does transmit visible light can just
as readily be used in the present invention. The border is
shown in the example of FIG. 15 simply because it enables
the adjustability of the object and its disposition on the
underlying image to be more readily apparent. As discussed
above, instead of optically detecting a peripheral border that
does not transmit either visible or non-visible light to
determine the extent of the object, the present invention can
employ a peripheral border comprising a marking the either
reflects non-visible light so that the extent of the object (i.e.,

US 2006/0092.170 A1

its border) is clearly determinably by the video camera that
responds to non-visible IR light received from the object.
0081. It should also be apparent that object 174 can
alternatively be employed to modify other characteristics of
photographic image 170, assuming that the object is asso
ciated with modifying that characteristic. For example, if the
user rotates object 174 as indicated by an arrow 178,
photographic image 170 might be modified by adjusting the
hue, Saturation, or contrast of the photographic image
(depending upon the function that is associated with object
174), and the user will again immediately see the results.
The extent of the modification is controlled by the amount
that the user rotates object 174, e.g., in a clockwise direction
to increase the modification, and in a counterclockwise
direction to decrease the modification. The user can also

reposition object 174 after the modification has been
adjusted, to view its effect on a different portion of photo
graphic image 170 that is then visible through the central
portion of object 174.
0082 FIGS. 16A and 16B respectively illustrate object
174 and an object 178, each of which are provided with an
indexing notch 179. Also evident in these two Figures are an
encoded marking 177a on object 174, and a different
encoded marking 177b on object 178. For the sake of
discussion, both encoded marking 177a and different
encoded marking 177b are visible in central region 175 of
each object. The encoded markings are each associated with
a different image modification function. For example,
encoded marking 177a is associated with adjusting contrast/
brightness of an image, while different encoded marking
177b is associated with adjusting the hue of an image. It will
be understood further, that if each object is rotated about its
center by the user, the extent and nature of the modification
can readily be selectively adjusted, as discussed above.
0083) In FIG. 17, object 178 has been stacked atop object
174. While not evident from the side-elevational view

shown, the change in the contrast/brightness and the change
in hue, on the image visible through central regions 175 of
the objects, which is caused by rotating the objects, is readily
perceptible. Since each of two or more such objects that are
stacked to achieve the combined functionality of all of the
objects must be separately identified, it is important that the
encoded markings applied to the two objects be substantially
separated and not overlap. The encoded markings on the
objects can thus be both angularly and radially offset from
each other. To enable stacking, it is also important that the
encoded markings only be applied to one surface of the
object and that no intermediate layer that absorbs the non
visible light be provided in the objects, since this interme
diate layer would prevent the object(s) stacked atop the
bottom object from being identified. To help keep track of
the relative rotational adjustment of each object that is made
by the user, notches 179 are provided on each object and can
initially be aligned as the objects are placed on interactive
display Surface 64a or on another object in the stack. Each
object can then be selectively individually rotated to achieve
the desired adjustment to contrast/brightness provided by
object 174, and the desired adjustment to hue provided
object 178, in this example.
0084 Almost any characteristic or parameter of a virtual
entity or image can be controlled or modified using this
invention. A further example is illustrated in FIGS. 18 and
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19. In FIG. 18, a virtual entity, i.e., a person 180, is
illustrated wearing a set of clothing 182. FIG. 19 shows the
results of placing an object 184 that is configured in accord
with the present invention, so that it covers person 180. In
response to detecting object 184 in this position, a software
program that is responsible for displaying the person illus
trates person 180 wearing a different set of clothing 182'.
Similarly, although not illustrated, object 184 can be
manipulated, for example, by rotating the object as indicated
by an arrow 188, to change to different sets of clothing, or
to modify other characteristics or features of person 180.
Thus, rotation of object 184 might be employed to change a
hairstyle 186 of the person, or to change the color of the hair,
or other characteristics of the person. Similar functionality
can be applied to almost any type of virtual entity.
Logical Steps for Implementing the Present Invention
0085. A flowchart 200 in FIG. 20 illustrates the logical
steps that are implemented in responding to an object placed
on the interactive display Surface, as discussed above. Fol
lowing the start of the logic, a step 202 provides for
detecting IR light that is received from one or more objects
configured in accord with the present invention that have
been placed on the interactive display surface. In one of the
exemplary applications of the present invention that were
discussed above, a plurality of Such objects serve much like
the pieces of a jigsaw puzzle, while in other of the embodi
ments, only a single Such object is employed to implement
a specific function when detected by a software program
used to display a virtual entity or image on the interactive
display surface. However, it will be understood the more
than one Such object can be placed on the interactive display
Surface for carrying out a plurality of different functions, and
each such object can be used for a different function. In a
step 204, the logic provides for identifying each of the
objects that have been placed on the interactive display
Surface, by decoding an encoded pattern of IR light that is
received from an encoded marking on each Such object. The
interactive display Surface determines a position and orien
tation of each such object in response to the IR light received
from the object, as indicated in a step 206. Based on the
Software program that is being executed to display a virtual
entity or image or a plurality of Such virtual entities or
images on the interactive display Surface, an appropriate
modified virtual entity or image is displayed on the inter
active display surface so that it can be viewed with visible
light that passes through each object, as noted in a step 208.
0086) The details that determine the nature of the image,
virtual entity, or other modification of what was previously
displayed before the object was detected on interactive
service clearly depend upon the Software program that is
responsible will performing this function. As will be evident
from the preceding discussion, the range of applications in
which the present invention is useful is almost unlimited.
Accordingly, it is not possible to provide details in the
flowchart about each of these applications, and they are not
particularly relevant to the present invention other than by
way of illustration, as provided by the examples discussed
above. One of ordinary skill in the art will clearly understand
how to employ a specific Software program to provide a
virtual entity or image that is visible through an object that
is configured in accord with the present invention, in
response to a predefined function that is associated with the
object detected on the interactive display surface.
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0087 Next, a decision step 210 determines if the posi
tion, or orientation of any object detected on the interactive
display Surface has changed over time. If so, a step 212
adjusts the virtual entity or image that is displayed on the
interactive display Surface with visible light passing through
the object, in a manner determined by the software program
that responds to the detection of the object. Otherwise, a
negative result from decision step 210 leads back to step
202, to update the detection of IR light reflected from any
objects on the interactive display surface. Similarly, after
step 212, the logic again loops back to step 202, to update
the detection of such objects.
0088 Although the present invention has been described
in connection with the preferred form of practicing it and
modifications thereto, those of ordinary skill in the art will
understand that many other modifications can be made to the
present invention within the scope of the claims that follow.
Accordingly, it is not intended that the scope of the invention
in any way be limited by the above description, but instead
be determined entirely by reference to the claims that follow.
The invention in which an exclusive right is claimed is
defined by the following:
1. An object for providing input to carry out a predefined
function, comprising an encoded marking applied to at least
one Surface of a material that is optically transparent to
visible light comprising the object, the encoded marking
serving to identify the object, its position on a display
surface that is coupled to a computing system, and an
orientation of the object on the display surface, the encoded
marking comprising a material that Substantially transmits
visible light without affecting the visible light, but which
modifies a non-visible light so that the object is readily
identified in response to the modification of the non-visible
light, identification of the object providing an input to a
computing system that causes a function associated with the
object to be implemented by the computing system that
affects a virtual entity or image formed with visible light that
passes through the object.
2. The object of claim 1, wherein a different encoded
marking is applied to a different Surface of the object, said
different encoded marking serving to provide a different
input to the computing system and causing a different
predefined function associated with the object to be imple
mented by the computing system.
3. The object of claim 1, wherein a manipulation of the
object modifies a parameter related to the function associ
ated with the object and affects the virtual entity or image
that is formed with the visible light that passes through the
object.
4. A method for enabling an object having at least a
Substantial central part that is generally optically transparent
to visible light, to be optically recognized in response to
non-visible light received from the object without substan
tially affecting visible light transmission through the object,
comprising the steps of
(a) applying a first marking on a first Surface of the object,
said first marking comprising a material that Substan
tially transmits visible light, but which affects light in
a non-visible waveband by one of:
(i) reflecting the light in the non-visible waveband; and
(ii) absorbing the light in the non-visible waveband;

(b) directing light in the non-visible waveband onto the
first surface of the object where the first marking is
applied; and
(c) detecting an image of at least a portion of the object,
in response to light in the non-visible waveband that is
received from the object, the image enabling the object
to be recognized.
5. The method of claim 4, further comprising the step of
applying a second marking to a second Surface of the object,
said second marking comprising Substantially the same
material as the first marking, said first Surface being sepa
rated from the second surface by:
(a) a reflective material that substantially transmits visible
light, but reflects light in the non-visible waveband, if
the material comprising the first marking and the sec
ond marking absorbs the light in the non-visible wave
band; or

(b) an absorptive material that substantially transmits
visible light, but absorbs light in the non-visible wave
band, if the material comprising the first marking and
the second marking reflects the light in the non-visible
waveband.

6. The method of claim 5, further comprising the step of
determining a state of the object by detecting light in the
non-visible waveband from one of the first marking and the
second marking, the first marking and the second marking
each indicating a different state of the object.
7. The method of claim 6, further comprising the step of
using the state of the object that was determined to control
a Software application that produces visible light, which
passes through the object.
8. The method of claim 5, further comprising the steps of:
(a) determining a change in an orientation of the object
over time based upon the image produced with the light
in the non-visible waveband from one of the first

Surface and the second surface; and

(b) as a function of the change in the orientation of the
object over time, controlling a Software application that
produces visible light that passes through the object.
9. The method of claim 8, wherein the change in the
orientation of the object based upon the non-visible light
from the first marking causes a different control function to
be applied to the Software application than the change in the
orientation of the object based upon the non-visible light
from the second marking.
10. The method of claim 4, wherein the first marking is
applied as an encoded pattern that is automatically recog
nized in the image of at least the portion of the object when
the light in the non-visible waveband is received from the
first surface.

11. The method of claim 5, wherein the second marking
is applied as an encoded pattern that is automatically rec
ognized in the image of at least the portion of the object
when the light in the non-visible waveband is received from
the second Surface.

12. The method of claim 4, further comprising the steps
of:

(a) determining an orientation of the object based upon
the light in the non-visible waveband that is received
from the first surface; and
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(b) detecting a change in the orientation of the object over
time, for providing an input to control a software
application that produces visible light passing through
the object.
13. The method of claim 12, wherein the change in the
orientation of the object over time appears to change a
magnification factor affecting an image formed by the
Software application with the visible light, so that the image
is either enlarged or decreased in relative size, as the
orientation of the object is changed, depending upon a
direction in which the orientation of the object is changed.
14. The method of claim 12, further comprising the step
of changing an orientation of an image formed by the visible
light that passes through the object by the Software appli
cation, in a manner corresponding with a change in the
orientation of the object over time, so that the image formed
with the visible light appears to move with the object when
the orientation of the object is changed.
15. The method of claim 14, further comprising the step
of changing a position of an image formed by the visible
light that passes through the object by the Software appli
cation, in a manner corresponding with a change in the
position of the object, so that the image formed with the
visible light appears to move with the object when a position
of the object is changed.
16. The method of claim 15, further comprising the step
of repeating steps (a)-(c) of claim 4, for each of a plurality
of other objects like the object, and wherein the image
formed with the visible light that passes through each of the
plurality of objects by the Software application comprises a
portion of a larger image that is divided into a plurality of
portions, further comprising the step of causing each of a
plurality of portions of the larger image to be visible through
a corresponding object so that the portions of the image
appear as pieces of a jigsaw puzzle, which if properly
assembled adjacent to each other, correctly present the larger
image.
17. The method of claim 4, wherein a software program
causes visible light passing through the object to form text
corresponding to a translation of at least one word into a
different language than the at least one word over which the
object is positioned.
18. The method of claim 4, further comprising the steps
of:

(a) displaying a first image with visible light produced in
accord with a software program; and
(b) enabling the object to be placed over the first image:
and

(c) transmitting visible light through the object to form a
second image that is related to the first image, but is
different than the first image.
19. The method of claim 18, further comprising the step
of Stacking a plurality of objects like the object, each of
plurality of objects being associated with providing a dif
ferent function related to modifying the first image, so that
a composite of the functions provided by each of the
plurality of objects is evident in the second image.
20. The method of claim 18, wherein the first image
comprises a photograph, and wherein the second image
comprises the photograph in which a modification has been
applied, further comprising the step of enabling a user to

change an orientation of the object to adjust the modification
applied to the photograph visible through the object as the
Second image.
21. The method of claim 18, wherein the first image
represents an entity having a first appearance, and wherein
the second image represents the entity having a different
appearance, because Some feature of the entity in the first
image is modified in the second image.
22. The method of claim 21, wherein the second image
represents one of a different depth, a different layer, and a
subsystem of the entity.
23. The method of claim 21, further comprising the step
of enabling a user to move the object to control the modi
fication of the feature.

24. A memory medium having machine executable
instructions for carrying out the steps of claim 4.
25. A method for employing objects that are generally
optically transparent to visible light and through which
portions of an image are transmitted using visible light, so
that as the objects are moved about, the portions of the image
move with the objects, comprising the steps of:
(a) applying a distinctive marking to each of the objects,
the marking comprising a material that Substantially
transmits visible light, but which affects light in a
non-visible waveband by one of:
(i) reflecting the light in the non-visible waveband; and
(ii) absorbing the light in the non-visible waveband;
(b) directing light in the non-visible waveband onto the
objects where the marking is applied;
(c) identifying and detecting a location and an orientation
of each object, in response to light in the non-visible
waveband that is received from the objects;
(d) transmitting the portions of the image through the
objects as visible light, so that each portion of the
image is associated with the object through which the
portion of the image is visible; and
(e) enabling the objects to be assembled in a correct
layout, so that the image is clearly apparent by collec
tively viewing the portions of the image visible through
the objects that are thus assembled, said objects repre
senting the image in a manner similar to pieces of a
jigsaw puzzle that are correctly assembled to display a
picture.
26. The method of claim 25, further comprising the step
of enabling the image to be selectively changed using
Software, so that portions of a different image are apparent
through the objects.
27. The method of claim 25, further comprising the step
of initially randomly distributing the portions of the image
among the objects, so that the image is then not readily
apparent from viewing the portions of the image.
28. The method of claim 25, further comprising the step
of applying different distinctive markings to an opposite
surface of each of the objects from that on which the
distinctive markings are applied, each different distinctive
marking applied to each object being associated with a
mirror portion of the corresponding to the portion of the
image associated with the distinctive marking applied to the
object, so that
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(a) all of the objects have to be oriented with the surface
having the distinctive markings applied providing the
non-visible light that is received, to enable the image to
be clearly apparent; or alternatively,
(b) all of the objects have to be oriented with the opposite
Surface having the different distinctive marking applied
providing the non-visible light that is received, to
enable a mirror version of the image to be clearly
apparent.

29. The method of claim 25, further comprising the step
of causing a sequence of images to be divided into portions
that are visible through each of the objects, so that when the
objects are correctly assembled, the sequence of images is
readily apparent from the visible light passing through the
objects.
30. The method of claim 29, wherein the sequence of
images comprises a video.
31. The method of claim 29, further comprising the step
of enabling a user to employ one of
(a) a personal image provided by the user for the image:
and

(b) a sequence of personal images provided by the user for
the sequence of images.
32. A memory medium having machine executable
instructions for carrying out the steps of claim 25.
33. A system on which an object, which is generally
optically transparent to visible light, is optically recognized
in response to non-visible light received from the object,
without substantially effecting visible light transmission
through the object, comprising:
(a) a Source of non-visible light for illuminating an object;
(b) an image source that produces an image using visible
light;
(c) a sensor for producing a signal in response to non
visible light that is received from the object;
(d) a memory in which machine instructions are stored;
(e) a processor coupled to the image source, the sensor,
and the memory, said processor executing the machine
instructions to carry out a plurality of functions, includ
ing:
(i) detecting light received from the object with the
sensor, producing the signal, wherein the object has
a first marking applied to a first Surface of the object,
said first marking comprising a material that Sub
stantially transmits visible light, but which affects
non-visible light from the source of non-visible light,
by one of:
(A) reflecting the light in the non-visible waveband;
and

(B) absorbing the light in the non-visible waveband;
and

(ii) in response to the signal produced by the sensor,
identifying the object.
34. The system of claim 33, wherein a second marking is
applied to a second Surface of the object, said second
marking comprising Substantially the same material as the
first marking, said first Surface being separated from the
second Surface by:

(a) a reflective material that substantially transmits visible
light, but reflects light in the non-visible waveband, if
the material comprising the first marking and the sec
ond marking absorbs the light in the non-visible wave
band; or

(b) an absorptive material that substantially transmits
visible light, but absorbs light in the non-visible wave
band, if the material comprising the first marking and
the second marking reflects the light in the non-visible
waveband.

35. The system of claim 34, wherein the machine instruc
tions further cause the processor to determine a state of the
object by detecting light in the non-visible waveband
received by the sensor from one of the first marking and the
second marking, the first marking and the second marking
each indicating a different state of the object.
36. The system of claim 35, wherein the machine instruc
tions further cause the processor to control a software
application that is being executed and which is producing
the image with the image source using the visible light that
passes through the object.
37. The system of claim 34, wherein the machine instruc
tions further cause the processor to:
(a) determine a change in an orientation of the object over
time based upon the signal produced by the sensor in
response to the light in the non-visible waveband
received by the sensor from one of the first surface and
the second Surface; and

(b) as a function of the change in the orientation of the
object over time, control a Software application being
executed by the processor that produces the image with
the image source, using the visible light that passes
through the object.
38. The system of claim 37, wherein the change in the
orientation of the object based upon the non-visible light
received by the sensor from the first marking causes a
different control function to be applied to the software
application by the processor than the change in the orien
tation of the object based upon the non-visible light received
by the sensor from the second marking.
39. The system of claim 33, wherein the first marking is
applied as an encoded pattern that is automatically recog
nized by the processor based upon the signal produced by
the sensor in response to the light in the non-visible wave
band received from the first surface.

40. The system of claim 34, wherein the second marking
is applied as an encoded pattern that is automatically rec
ognized by the processor based upon the signal produced by
the sensor in response to the light in the non-visible wave
band received from the second surface.

41. The system of claim 33, wherein the machine instruc
tions further cause the processor to:
(a) determine an orientation of the object based the signal
produced by the sensor in response to the light in the
non-visible waveband that is received by the sensor
from the first surface; and

(b) detect a change in the orientation of the object over
time, to provide an input to control a software appli
cation that causes the image source to produce visible
light that passes through the object.
42. The system of claim 41, wherein the machine instruc
tions further cause the processor to respond to the change in
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the orientation of the object over time by causing the image
Source to apparently change a magnification factor affecting
an image formed by the software application with the visible
light passing through the object, so that the image is either
enlarged or decreased in relative size, as the orientation of
the object is changed, depending upon a direction in which
the orientation of the object is changed.
43. The system of claim 41, wherein the machine instruc
tions further cause the processor to cause the image source
to change an orientation of an image formed by the visible
light that passes through the object, as determined by the
Software application, in a manner corresponding with a
change in the orientation of the object over time, so that the
image formed with the visible light appears to move with the
object when the orientation of the object is changed.
44. The system of claim 43, wherein the machine instruc
tions further cause the processor to cause the image source
to change a position of an image formed by the image source
using the visible light that passes through the object, as
determined by the Software application, in a manner corre
sponding with a change in the position of the object, so that
the image formed with the visible light appears to move with
the object when a position of the object is changed.
45. The system of claim 44, wherein the machine instruc
tions further cause the processor to repeat functions (e)(i)(e)(ii) of claim 33, for each of a plurality of other objects,
and wherein the image formed by the image source with the
visible light that passes through the object, in accord with
the software application, comprises a portion of a larger
image that is divided into a plurality of portions, the pro
cessor further causing the image source to produce each of
a plurality of portions of the larger image with visible light
that passes through a corresponding other object, so that the
portions of the image appear as pieces of a jigsaw puzzle,
which if properly assembled adjacent to each other, correctly
present the larger image.
46. The system of claim 33, wherein the machine instruc
tions further cause the processor to cause the image source
to produce text with the visible light that passes through the
object corresponding to a translation of at least one word
into a different language than the at least one word over
which the object is positioned.
47. The system of claim 33, wherein the machine instruc
tions further cause the processor to cause the image source
tO:

(a) display a first image with visible light from the image
Source that is controlled by a Software program
executed by the processor; and
(b) enabling the object to be placed over the first image:
and

(c) display a second image with visible light from the
image source that passes through the object, the second
image being related to the first image, but different than
the first image.
48. The system of claim 47, wherein the first image
comprises a photograph, and wherein the second image
comprises the photograph in which a modification has been
applied, the machine instructions further causing the pro
cessor to respond to a change in an orientation of the object
indicated by the signal from the sensor, by adjusting the
modification applied to the photograph that is visible
through the object as the second image.

49. The system of claim 47, wherein the first image
represents an entity having a first appearance, and wherein
the second image represents the entity having a different
appearance, because Some feature of the entity in the first
image is modified in the second image.
50. The system of claim 49, wherein the second image
represents one of a different depth, a different layer, and a
subsystem of the entity.
51. The system of claim 48, wherein the machine instruc
tions further causing the processor to enable a user to move
the object to control the modification of the feature.
52. A system that includes objects that are generally
optically transparent to visible light through which portions
of an image are transmitted using visible light, so that as the
objects are moved about, the portions of the image move
with the objects, comprising:
(a) a Source of non-visible light for illuminating the
objects;
(b) an image source that produces images using visible
light;
(c) a sensor for producing a signal in response to non
visible light that is received from the objects:
(d) a memory in which machine instructions are stored;
(e) a processor coupled to the image source, the sensor,
and the memory, said processor executing the machine
instructions to carry out a plurality of functions, includ
ing:
(i) responding with the sensor to a distinctive marking
applied to each of the objects in the signal produced
by the sensor, the marking comprising a material that
substantially transmits visible light, but which affects
light in a non-visible waveband from the non-visible
light source, by one of
(A) reflecting the light in the non-visible waveband;
and

(B) absorbing the light in the non-visible waveband;
(ii) identifying and detecting a location and an orien
tation of each object, in response to the signal
produced by the sensor that receives light in the
non-visible waveband from the objects; and
(iii) causing the image source to transmit the portions
of the image through the objects as visible light, so
that each portion of the image is associated with the
object through which the portion of the image is
visible, so that when the objects are assembled in a
correct layout, the image is clearly apparent by
collectively viewing the portions of the image visible
through the objects that are thus assembled, said
objects representing the image in a manner similar to
pieces of a jigsaw puzzle that are correctly
assembled to display a picture.
53. The system of claim 52, wherein the machine instruc
tions further cause the processor to execute software that
enables the image to be selectively changed, so that portions
of a different image produced by the image source are
apparent through the objects.
54. The system of claim 52, wherein the machine instruc
tions further cause the processor to initially randomly dis
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tribute the portions of the image among the objects, so that
the image then not readily apparent from viewing the
portions of the image.
55. The system of claim 52, wherein the machine instruc
tions further cause the processor to detect one of two
different distinctive markings applied to each of the objects,
including a first marking that is associated with the portion
of the image, and a second marking associated with a mirror
version of the portion of the image that is associated with the
first marking, so that:
(a) all of the objects have to oriented with first marking
providing the non-visible light that is received by the
sensor, to enable the image produced by the image
Source to be clearly apparent; or alternatively,
(b) all of the objects have to be oriented with the second
marking applied providing the non-visible light that is
received by the sensor, to enable a mirror version of the
image produced by the image source to be clearly
apparent.

56. The system of claim 52, wherein the machine instruc
tions further cause the processor to cause the image source
to produce a sequence of images that are divided into
portions associated with the objects and which are visible
through each of the objects, so that when the objects are
correctly assembled, the sequence of images is readily
apparent from the visible light from the image source
passing through the objects.
57. The system of claim 56, wherein the sequence of
images comprises a video.
58. The system of claim 56, wherein the machine instruc
tions further cause the processor to enable a user to employ
one of:

(a) a personal image provided by a user for the image; and
(b) a sequence of personal images provided by a user for
the sequence of images.

